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SPECIFICATION 



Title of the Invention 

Heat-resistant glass fiber and process for the 

production thereof 
[0001] 
Field of the Invention 

The present invention relates to a heat-resistant 
glass fiber and a process for the production thereof. More 
specifically, it relates to a heat-resistant glass fiber 
which is suitable for use in an automobile muffler, etc., 
and which is excellent in heat resistance, easy to produce 
by spinning and less expensive, and a process for 
efficiently producing the above fiber. 
[0002] 

Prior Art of the Invention 

An automobile muffler is a part for absorbing an 
exhaust noise, and it is present practice to use a glass 
fiber as an acoustic material therefor. However, recent 
high energy-saving of an automobile engine and recent 
regulations of exhaust fumes cause an engine temperature to 
increase, and the temperature of an exhaust gas in a 

muffler portion comes to be 700°C or higher under present 
circumstances. And, it is said that the exhaust gas 

temperature in a muffler portion comes to be 850°C or 
higher in the year of 2002 when severer exhaust gas 
regulations will be introduced in Japan. It is therefore 
an urgent need to develop a higher heat-resistant acoustic 

material usable (at e.g. 900°C) in the muffler. 
[0003] 

As a heat-resistant glass fiber, a glass fiber 
obtained by treating an E glass fiber with an acid is known 
( JP-A-5-147975 ) . This glass is obtained by immersing a 
general E glass fiber containing 50 to 63 % by weight of 
Si0 2 , 12 to 16 % by weight of A1 2 0 3 , 8 to 13 % by weight of 
B 2 0 3 , 15 to 20 % by weight of CaO + MgO and a trace amount 
of Na 2 0 + K 2 0, in hydrochloric acid having a concentration 
of e.g. 9-12 % by weight at 4 0 to 70°C for approximately 30 




minutes to several hours. In the immersing treatment, the 
surface layer portion of the E glass fiber is converted to 
a silicic glass, so that the E glass fiber is imparted with 
heat resistance. 
[0004] 

The above acid-treated E glass fiber has 
advantages that the spinning temperature and the liquidus 
temperature thereof differ to a great extent so that the 
production thereof by spinning is easy and that it is less 
expensive. However, it has insufficient heat resistance as 
an acoustic material for use in a muffler portion where an 
exhaust gas has a temperature of 850°C or higher, and it 
cannot be readily used. 

For this reason, it is thinkable to use an S 
glass fiber having high heat resistance as an acoustic 
material. However, the S glass is very expensive. 
[0005] 

Summary of the Invention 

Under the circumstances, it is an object of the 
present invention to provide a heat-resistant glass fiber 
which has excellent heat resistance, which is also easy to 
produce by spinning and less expensive and which is 
suitable as an acoustic material for use in an automobile 
muffler portion where an exhaust gas has a temperature of 
850°C or higher. 
[0006] 

For developing a heat-resistant glass fiber 
having the above desirable properties, the present 
inventors have made diligent studies. As a result, it has 
come into the notice of the present inventors that, for 
improving an acid-treated glass fiber in heat resistance, 
there is required a glass having a high softening point 
before the acid treatment and having a composition feasible 
for making it easy to carry out the acid treatment, and it 
has been found that a glass having a specific composition 
has a higher softening point than the E glass, is easy to 
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produce by spinning, is easy to treat with acid and is less 
expensive. Further it has been found that the above object 
can be achieved by treating a fiber made of the above glass 
with a mineral acid. The present invention has been 
5 accordingly completed on the basis of the above findings. 
[0007] 

That is, according to the present invention, 
there is provided a heat-resistant glass fiber which has a 
composition comprising, substantially by weight %, 56 to 
10 58.5 % of Si0 2 , 12 to 17 % of A1 2 0 3 , 16 to 27 % of CaO, 1 to 
9 % of MgO, 0 to 1 % of Na 2 0 and 0 to 1 % of K 2 0 as the 
entirety of the fiber and containing neither B 2 0 3 nor F 2 , 
^ and which has a surface layer portion made of a silicic 

*Q glass having an Si0 2 content of at least 90 % by weight. 

& 15 [0008] 

IT* 

y According to the present invention, there is also 

provided a process for the production of the above heat- 
resistant glass fiber, which comprises treating the surface 
Q of a glass fiber which has a composition comprising, by 

20 weight %, 56 to 58.5 % of Si0 2 , 12 to 17 % of Al 2 0 3 , 16 to 
■,Q 27 % of CaO, 1 to 9 % of MgO, 0 to 1 % of Na 2 0 and 0 to 1 % 

of K 2 0 and containing neither B 2 0 3 nor F 2 , with a mineral 
acid. 

[0009] 

25 Detailed Description of the Invention 

In the heat-resistant glass fiber of the present 
invention, the surface layer portion of a glass fiber which 
has a composition comprising, by weight %, 56 to 58.5 % of 
Si0 2 , 12 to 17 % of A1 2 0 3/ 16 to 27 % of CaO, 1 to 9 % of 

30 MgO, 0 to 1 % of Na 2 0 and 0 to 1 % of K 2 0 and containing 

neither B 2 0 3 nor F 2 (the glass fiber will be referred to as 
"glass fiber before modification" hereinafter) is modified 
into a silicic glass having an Si0 2 content of at least 
90 % by weight, and the glass composition of the heat- 

35 resistant glass fiber as the entirety of the fiber is 

substantially the same as the above-specified composition. 
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[0010] 

In the above glass fiber, Si0 2 is a component for 
improving the glass in heat resistance. When the content 
thereof in the glass fiber before modification is less than 
56 % by weight, the glass does not exhibit any sufficient 
heat resistance. When it exceeds 58.5 % by weight, the 
glass come to have a high melting temperature, so that the 
spinnability thereof is poor, and acid treatment to be 
described later is difficult. 
[0011] 

A1 2 0 3 is a component for improving the water 
resistance of the glass and decreasing the liquidus 
temperature thereof. When the content thereof in the glass 
fiber before modification is less than 12 % by weight or 
more than 17 % by weight, the glass comes to have a high 
liquidus temperature, so that the spinnability thereof is 
poor. 

CaO is a component for improving the water 
resistance of the glass, decreasing the viscosity of the 
glass and improving the meltability thereof. When the 
content thereof in the glass fiber before modification is 
less than 16 % by weight, the glass has too high a melting 
temperature. When it exceeds 27 % by weight, the glass has 
a high liquidus temperature, so that the spinnability 
thereof is poor. 
[0012] 

MgO is a component for decreasing the viscosity 
of the glass and improving the meltability of the glass. 
When the content thereof in the glass fiber before 
modification is less than 1 % by weight or more than 9 % by 
weight, the glass comes to have a high liquidus temperature, 
so that the spinnability thereof is poor. 

Na 2 0 and K 2 0 are components for decreasing the 
viscosity of the glass and the improving the meltability 
thereof. The content of each in the glass fiber before 
modification is in the range of from 0 to 1 % by weight. 
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When the total content of these components exceeds 2 % by 
weight, the glass is liable to have poor heat resistance. 
[0013] 

In addition to the above components, the glass 
fiber of the present invention may contain components such 
as Fe 2 0 3 , Ti0 2 , SrO, etc., which are included as impurities 
from raw materials, may contain components such as Cr 2 0 3 , 
Zr0 2/ etc., which are derived from erosion of a refractory 
material, and further may contain components such as ZnO, 
Mn0 2 , BaO, P 2 0 5 , and the like, so long as the object of the 
present invention is not impaired. Generally, the total 
content of the above components in the glass fiber before 
modification is 1.5 % by weight or less. However, the 
glass fiber of the present invention does not contain any 
one of B 2 0 3 and F 2 . 
[0014] 

In the glass fiber of the present invention, the 
softening point of the glass fiber before modification is 

generally 850°C or higher, preferably 880°C or higher. 
Incidentally, E glass generally has a softening point of 

approximately 840°C. Further, the difference AT between 
the spinning temperature (melting temperature of a glass 
having a viscosity of 100 Pa-s (Pascal-second)) and the 
liquidus temperature thereof is generally at least 30°C. 
The above AT is a measure for determining spinnability . 
When the value thereof is less than 30°C, undesirably, the 
spinnability is poor. 
[0015] 

Even when a certain portion of a glass in a 
furnace reaches a temperature set at a predetermined 
temperature, the temperature of a portion of the glass 
which is on the wall side of the furnace is often lower 
than the predetermined temperature. In this case, when the 
temperature of a molten glass comes to be lower than the 
liquidus temperature thereof as the molten glass having a 
temperature lower than the predetermined temperature comes 
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toward a bushing of a spinning apparatus, the glass is 
partly devitrified and a spun fiber is liable to break. 
Therefore, with an increase in the AT, the spinning is 
easier. In the present invention, particularly preferably, 
5 the AT is at least 50°C. 

Further, the liquidus temperature is generally in 
the range of from 1,160 to 1,230°C, and the spinning 
temperature is generally in the range of from 1,230 to 
1,280°C. 
10 [0016] 

The glass fiber of the present invention has a 
characteristic feature in that the surface layer portion 
*JJ thereof is made of a silicic glass having an Si0 2 content 

£ of at least 90 % by weight. When the Si0 2 content in the 

ip 15 surface layer portion is less than 90 % by weight, no 
W desired heat resistance can be attained. Preferably, the 

*q surface layer portion having an Si0 2 content of at least 

s ^ 90 % by weight has a thickness in the range of from 0.1 to 

1^ 1.0 um. When the thickness of the surface layer portion is 

M 20 less than 0.1 yam, the heat resistance may not be fully 

exhibited, when it exceeds 1.0 urn, the shrinkage factor of 
ua the surface layer portion and the shrinkage factor of an 

inner layer portion differs to a great extent, which causes 
the surface layer portion to crack. 
25 Although differing depending upon fields of use, 

the average diameter of the glass fiber of the present 
invention is generally in the range of from 9 to 24 ^un, 
preferably 9 to 18 um. 
[0017] 

30 While the method of the glass fiber of the 

present invention may be any method and is not specially 
limited so long as a glass fiber having the above 
properties can be obtained, the glass fiber of the present 
invention can be efficiently produced by the following 

35 method of the present invention. 

In the method of the present invention, according 
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to a conventional method, there is prepared a glass fiber 
which has a composition comprising, by weight %, 56 to 
58.5 % of Si0 2 , 12 to 17 % of Al 2 0 3 , 16 to 27 % of CaO, 1 to 
9 % of MgO, 0 to 1 % of Na 2 0 and 0 to 1 % of K 2 0 and 
5 containing neither B 2 0 3 nor F 2 and which has an average 

diameter of 9 to 24 \m, preferably 9 to 18 pm. 
[0018] 

Then, the surface of the above glass fiber is 
treated with a mineral acid, to elute components other than 
10 silica, such as alkaline earth metals, alkali metals, 

alumina, etc., present on and near a fiber surface, and 
then, the glass fiber is washed with water and dried under 
heat. 

[0019] 

IP 15 The above acid treatment is generally carried out 

jjj by immersing the above glass fiber in an aqueous solution 

|«a of at least one acid selected from HC1, H 2 S0 4 or HN0 3/ 

^ preferably an aqueous solution containing 1 to 10 % by 

□ weight of HC1. The above aqueous solution preferably has a 

20 temperature in the range of from 0 to 90°C, more preferably 
20 to 80°C. When the above temperature is lower than 0°C, 
G impractically, the acid treatment rate is too low. When it 

is higher than 90°C, it is undesirable in view of 
workability. The time period for the acid treatment cannot 
25 be uniformly determined and it differs depending upon a 

concentration of the aqueous solution containing a mineral 
acid or a treatment temperature. Generally, however, it is 
sufficient to carry out the acid treatment for 5 minutes to 
5 hours . 
30 [0020] 

By the above acid treatment, the glass fiber 
comes to have an approximately 0.1 to 1.0 jim thick surface 
layer portion made of a silicic glass having an Si0 2 
content of at least 90 % by weight, and the resultant glass 
35 fiber has heat resistance against a high temperature of at 
least 850°C. The surface layer portion made of the silicic 
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glass formed by the above acid treatment is generally 
porous, and the composition of the surface layer portion 
can be analyzed by means of a photoelectron spectrometer. 

[0021] 
Examples 

The present invention will be explained more in 
detail with reference to Examples hereinafter, while the 
present invention shall not at all be limited by these 
Examples . 

[0022] 

Glass before spinning and a glass fiber were 
measured for various properties according to the following 
methods . 

<Properties of glass before spinning> 

( 1 ) Spinning temperature 

A sample before spinning was measured for a 
spinning temperature (melting temperature of glass having a 
viscosity of 100 Pa-s) with a high-temperature rotary 
viscometer. 

(2) Liquidus temperature 

A glass sample before spinning was milled into a 

powder having a diameter of approximately 500 to 1,000 jim, 
and the powder was placed in a platinum boat. The boat 
with the powder in it was placed in a furnace having a 
temperature gradient, held for 12 hours and then taken out. 
The sample taken out was measured for a liquidus 
temperature (temperature at or over which no crystal was 
present in the glass) according to a method in which a site 
where devitrification took place was observed through a 
microscope. 

(3) AT 

A difference between the spinning temperature in 
the above (1) and the liquidus temperature in the above (2) 
was defined to be a AT. 

(4) Softening point 

Measured according to JIS R 3104 "Measurement 
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method of softening point of glass", 
[0023] 

<Properties of glass fiber> 

(5 ) Acid treatment properties 
5 Two grams of a glass fiber before acid treatment 

was immersed in 200 milliliters of 3 wt% hydrochloric acid 

at 7 0°C for 45 minutes and then measured for a weight loss 
ratio, to evaluate acid treatment properties. 

(6) Heat resistance 
10 An acid-treated glass fiber was placed on a mat 

made of an alumina fiber and then heated in an electric 

furnace at 900°C for 10 hours. Then, the glass fiber was 
observed for a change, and the heat resistance thereof was 
evaluated on the basis of the following ratings. 
15 AA: A fiber nearly retains its flexibility. 

A: A fiber loses its flexibility almost by half. 
B: A fiber retains its form but lost almost all 
m of its flexibility. 

:L C: Fibers are fused and deformed. 

U20 [0024} 

^ (7) Loss ratio after heating 

p An acid-treated fiber was measured for weights 

H= before and after it was heated at 850°C for 1 hour, to 

calculate a weight difference, and a weight loss ratio (%) 
25 after heating was determined on the basis of the weight 
difference. 

(8) Thickness of surface layer portion having 

Si0 2 content of at least 90 % by weight 
A value calculated on the basis of the following 
30 expression using a weight loss ratio obtained in the above 
(7) was defined to be "a thickness of a surface layer 
portion having an Si0 2 content of at least 90 % by weight". 

Thickness of surface layer portion 
35 = fiber diameter before acid treatment x (1 - (1 

- weight loss ratio after heating x 0.66) 05 ) 
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[0025] 

Examples 1-5 and Comparative Examples 1-6 

Raw materials for glasses were formulated to 
obtain compositions shown in Tables 1 and 2, and in each 
5 Example, the formulated raw materials were melted in a 
platinum crucible at 1,500°C for 8 hours. Then, molten 
glasses were cast on carbon plates to obtain glass samples. 
Tables 1 and 2 show spinning temperatures, liquidus 

temperatures, AT and softening points of the glass samples. 
10 [0026] 

Then, glass fibers having an average diameter of 
13 \im were spun from the above glass samples according to a 
conventional method. Tables 1 and 2 show acid treatment 
properties of the glass fibers. 
fj|15 Then, the above glass fibers were immersed in a 3 

wt% hydrochloric acid at 7 0°C for 45 minutes, and the thus- 
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treated glass fibers were washed with water and dried to 
SB obtain acid-treated glass fibers. Tables 1 and 2 show heat 

!U resistance of each of these acid-treated glass fibers and 

M;20 thickness of the surface layer portion of each acid-treated 
| n glass fiber which surface layer portion had an Si0 2 content 
p of at least 90 % by weight. 
t~ [0027] 

Comparative Example 1 shows a glass composition 
25 of E glass (U.S. Patent 2,334,961), Comparative Example 2 
shows a glass composition of ECR glass (U.S. Patent 
3,847,627), Comparative Example 3 shows a glass composition 
of a glass disclosed in U.S. Patent 5,789,329, and 
Comparative Example 4 shows a glass composition of an S 
30 glass (U.S. Patent 3,402,055). 

Comparative Examples 5 and 6 show glass 
compositions containing the same components as the glass 
components used in the present invention. However, the 
contents of some components are outside their ranges 
35 defined in the present invention. 
[0028] 
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Table 1 





Example 




1 


2 


3 


4 


5 


Glass 
Compo- 
sition 
(wt%) 




58.0 


57.7 


57.5 


58.0 


57.7 


B 2 0 3 














16.0 


13.5 


14.3 


13.0 


15.0 


CaO 


1 7 








/. ft • u 


MgO 


8.3 


3 . 0 


2 . 8 


3 . 0 


2 . 8 


Na->0 


0.0 


0.0 


0.0 


0.0 


0.0 


K 2 0 


1 . 0 


0 . 5 


0 . 5 


0 . 6 


0 5 


Fe 2 0 3 


0.0 


0.0 


0.0 


0.0 


0.0 


Ti0 2 












ZnO 












Glass 

Prop- 
erties 


Spinning 
temperature ( °C ) 


1,227 


1,246 


1,242 


1,246 


1,262 


Liquidus 
temperature ( °C ) 


1,170 


1,174 


1,181 


1,188 


1,200 


AT (°C) 


57 


72 


61 


58 


62 


Softening 
point (°C) 


915 


887 


885 


890 


902 


Prop- 
erties 
of 

glass 
fibers 


Acid treatment 

properties 1 * 

(%) 


6.0 


7.0 


9.0 


6.0 


7.0 


Loss ratio 
after heating 
(%) 


12 


14 


18 


12 


14 


Thickness of 
surface layer 
portion 2 ' (\m) 


0.64 


0.75 


0.98 


0.60 


0.70 


Heat 

resistance 
(900°C, 10 
hours ) 


AA 


AA 


AA 


AA 


AA 



( Notes ) 

1) Acid treatment properties: shown by a weight 
loss ratio based on acid treatment. 

2) Thickness of surface layer portion: thickness 
of a surface layer portion having an Si0 2 content of at 
least 90 % by weight. 
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Table 2 





Comparative Example 




1 


2 


3 


4 


5 


6 


Glass 
Compo- 
sition 
(wt %) 


Si0 2 


54.6 


59.0 


60.0 


65.0 


57.5 


57.8 


B 2 0 3 


7.0 












A1 2 0 3 


14.3 


12.0 


12.9 


25.0 


14.0 


17.5 


CaO 


22.3 


21.5 


23.1 


— 


27.5 


16. 1 


MgO 


0 . 8 


2 . 8 


3 . 0 


10 . 0 


0 .4 


8 . 1 


TIT Q f\ 


0.3 


0.2 


0.0 


0.0 


0.0 


0.0 


K 2 0 




0 . Z 


0 . O 




0 . 5 


0 . 5 


Fe 2 0 3 


0.2 


0.2 


0.3 




0.1 


0.0 


Ti0 2 


0.2 


2.0 


0.1 


— 






ZnO 




2 . 1 










Glass 
Prop- 
erties 


Spinning 
temperature 

ro 


1,200 


1,250 


1,278 


1,480 


1,250 


1,291 


Liquidus 

temperature 

(°C) 


1,070 


1,160 


1, 192 


1,474 


1,249 


1,270 


AT (°C) 


130 


90 


86 


6 


1 


21 


Softening 
point (°C) 


840 


890 


916 


1,050 


895 


930 


Prop- 
erties 
of 

glass 
fibers 


Acid treatment 

properties 15 

<%) 


12.0 


0.2 


0.4 


0.1 


8.7 


6.0 


Loss ratio 
after heating 
<%) 


24 


0.4 


0.8 


0.2 


17 


12 


Thickness of 
surface layer 
portion 2 ) (\ua.) 


1.40 


0.02 


0.04 


0.01 


0.92 


0.64 


Heat 

resistance 
(900°C, 10 
hours ) 


B 


C 


C 


A 


AA 


AA 



[0030] 

(Notes) 



1) Acid treatment properties: shown by a weight 
loss ratio based on acid treatment. 

2) Thickness of surface layer portion: thickness 
of a surface layer portion having an Si0 2 content of at 
least 90 % by weight. 

[0031] 

As is seen from Tables 1 and 2, in all of 



12 



• to 



TO 



Examples 1 to 5, the AT is at least 5 0°C so that the 
glasses are excellent in spinnability, and further, the 
glass fibers are excellent in acid treatment properties and 
have 0.60 to 0.98 \m thick surface layer portions made of 
5 silicic glass (having an Si0 2 content of at least 90 % by 
weight), so that they have excellent heat resistance. 
[0032] 

In Comparative Example 1 , the glass has a 
composition of E glass and is excellent in spinnability. 
10 The glass fiber is excellent is acid treatment properties 

and its surface layer portion made of a silicic glass has a 
thickness of as large as 1.40 \tm. However, the softening 
P temperature before acid treatment is 840°C / which is 

Vi considerably low as compared wxth the softenxng points (885 

t=P 15 to 915°C) in Examples 1 to 5 . As a result, the glass fiber 
is poor in heat resistance as compared with the glass 
fibers in Examples 1 to 5. 
[0033 ] 

In Comparative Example 2, the glass has a 
20 composition of ECR glass (corrosion resistant glass) and 
J Q has good spinnability. However, the glass fiber is poor in 

p acid treatment properties, and since the surface layer 

^~ portion made of a silicic glass has a thickness of as small 

as 0.02 [xm, the glass fiber is very poor in heat resistance. 
25 In Comparative Example 3, the glass has a high 

Si0 2 content and is excellent in spinnability. However, 
the glass fiber is poor in acid treatment properties, and 
since the surface layer portion made of a silicic glass has 

a thickness of as small as 0.04 \im, the glass fiber is very 
30 poor in heat resistance. 
[0034] 

In Comparative Example 4, the glass has a 
composition of S glass and has poor spinnability, and the 
glass fiber is poor in acid treatment properties. The 
35 surface layer portion made of a silicic glass has a 

thickness of as small as 0.01 nm, so that almost no effect 
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produced by the acid treatment is observed. However, since 
the glass has a softening point of as high as 1,050°C, the 
glass fiber has relatively good heat resistance. 

In Comparative Examples 5 and 6, the glass fibers 
are excellent in acid treatment properties, their surface 
layer portions made of silicic glass have a large thickness 
and the glass fibers are excellent in heat resistance. 

Since, however, the At is small, the glasses are poor in 
spinnability . 
[0035] 

According to the present invention, there can be 
obtained a heat-resistant glass fiber which has excellent 
heat resistance, can be easily spun and can be suitably 
used as an acoustic material for use in an automobile 
muffler portion where an exhaust gas has a temperature of 
850°C or higher. 

In the heat-resistant glass fiber of the present 
invention, further, the total content of Si0 2 and A1 2 0 3 in 
the entire fiber is 82 % by weight or less, so that the 
glass fiber is free from a carcinogenesis problem. Further 
since no harmful or expensive materials are used, the glass 
fiber is almost free from causing environmental pollutions 
and is less expensive. 



